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© High clarity colorless polyesters. 

© A polyester which when made into an article such as 
films, containers, bottles and the like has a very high clarity, a 
low haze value, and a neutral hue. In the preparation of the 
resin, an antimony catalyst is utilized along with small 
amounts of a bluing agent such as a cobalt compound and a 
phosphate compound with the phosphate compound gener- 
ally being slightly in excess of an equivalent amount of the 
cobalt compound. The polyester is made from dicarboxytic 
acids and preferably aromatic acids such as terephthalic acid 
reacted with polyhydric alcohols. 
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The present invention relates to a polyester 
which has a high clarity, and is transparent when 
made into an article. The article has a neutral 
color hue, a low haze value, and no greyness therein. 



BACKGROUND ART 



Heretofore, numerous compounds and catalysts 
have been used for the preparation of polyester resins. 
15 However, high clarity, neutral hue, and low haze 

polyester articles such as films, sheets, containers, 
and the like are desirable, especially for containing 
food or drink, or when replacing glass. Often, 
antimony has been used as a catalyst, at times in 
combination with a phosphite compound. However, the 
reaction between these two compounds . would often result 
in some amount of antimony metal being formed which 
imparted a gray color to the resin and article formed 
therefrom. Moreover, if other catalysts were utilized, 
25 a high level of acetaldehyde was produced which is 

highly undesirable for use in connection with food 

containers . 

U. S. Patent 3,795,639 to Chimura, et al 
relates to a process for preparing linear polyesters 

30 wherein the polycondensation of glycol terephthalate is 

preformed in the presence of (1) an antimony catalyst, 
(2) a germanium compound and (3) a phosphoric ester. 
This patent is not pertinent in that it does not 
utilize a bluing agent and does utilize a germanium 

35 compound . 
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U. S. Patent 3,732,182, to Chimura, et al is 
not pertinent in that it relates to a novel antimony 
compound having the formula Sb (OR^ (0R 2 ) (0R 3 ) . 

U. S. Patent 3,965,0.71 to McClelland relates 
to the preparation of polyesters in the presence of 
a titanium compound, the deactivation of a catalyst 
by reaction with phosphoric acid or ester and poly- 
condensation in the presence of an antimony compound. 
Thus this patent relates to a completely different 
catalyst system as veil as to a deactivation of the 

titanium catalyst. 

U. S. Patent 3,842,043 relates to a white, 
transparent polyester utilizing a poly condensation 
catalyst solution containing germanium dioxide, glycol 
and a solubilizing agent such as calcium, magnesium, 
strontium and zinc metals or salts thereof. Hence, it 

is not pertinent. 

U. S. Patent 4,082,724 to Hewertson relates 
to polyesters containing a trihalide or a tri(pseudo- 
halide) of antimony and an organic oxo compound of 
phosphorus. The mole ratio of the oxo phosphorus 
compound to antimony is generally in excess of 1.0. 
This patent is not pertinent in that it uses very high 
amounts of phosphorus compounds and does not utilize 

a bluing agent. 

An article of Unitika Co., Plasdoc 31808 V/17 
Dewent Publications (April 1, 1974), obtains a poly- 
ester by polymerizing a bis (W-hydroxy alky l)terephtha- 
late and/ or its oligomer in the presence of an anti- 
mony compound, a cobalt compound, and a halide phos- 
phate compound. This article is not pertinent in that 
a halide phosphate compound is utilized and relates 
to making polyesters from dimethyl terephthalate . 

U. S. Patent Numbers 3,962,189 to Russin et 
al, 3,907,754 to Tershansy et al, and 4,010,145 to 
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Russin et ai are all very similar in that they relate 
to catalyst inhibitor systems having a combination of 
organic or inorganic salts of manganese and cobalt, 
titanium compounds, antimony compounds, and a phosphate 
ester. The amount by weight of phosphorus is greater 
than the total weight of..cobalt,. manganese, and 
titanium. Moreover, the examples generally show the 
amount of phosphorus being at least four times as 
much as the amount of cobalt. Thus, these references 
are not pertinent in that they use very high amounts of 
phosphate in comparison to the other metals, as well as 
use other components not utilized by the present 
invention. Moreover, they relate to making a polyester 
from dimethyl terephthalate and not from dicarboxylic 
acids . 

U. S. Patent 2,641,592, to Hofrichter, 
relates to a cobalt acetate catalyst in association 
with antimony for the polymerization of dimethyl 
terephthalate. This patent is not pertinent in that 
it lacks any suggestion utilizing any phosphate com- 
pound. Additionally, such a composition would yield 
unacceptably high acetaldehyde levels in containers 

made therefrom. 

U. S. Patent 3,028,366 to Engel et al re- 
lates to phosphate modifiers in association with anti- 
mony catalysts to produce colorless or white polyesters 
from dimethyl terephthalate. In passing, the patent 
states that other well known catalysts or catalyst 
combinations can also be utilized including various 
metals such as calcium, magnesium, lanthanum, manga- 
nese, and cobalt. Since such compounds are utilized 
as catalysts, high amounts thereof are required. This 
patent is not pertinent in that it fails to specifi- 
cally teach applicant's use of a bluing agent, very 
small amounts of phosphate in comparison with any 
bluing agent as well as small amounts of the bluing 



0061 41 4 



10 



15 



20 



25 



30 



35 



-4- 

agent; and relates only to the use of dimethyl tere- 
phthalate. 

The above patents and articles all generally 
relate to the utilization of dimethyl terephthalate in 
preparing the polyester. Whenever various catalysts 
are utilized such as manganese, cobalt and the like, 
relatively high amounts, that is generally in excess 
of 70 parts per million by weight of the element must 
be utilized. Such compounds necessarily impart a 
color to the polyester, for example a blue color, and 
hence are inherently incapable of producing a neutral 
hue polyester artile, that is a colorless or trans- 
parent article, with low acetaldehyde content and gen- 
eration rate. 

DISCLOSURE OF INVENTION 

It is therefore an object of the present 
invention to provide a polyester which yields a high 
clarity, neutral hue, low haze article. 

It is yet another object of the present- 
invention to provide a polyester which yields a high 
clarity, neutral hue, low haze article, as above, 
wherein an antimony catalyst, a phosphate compound and 
a bluing agent are utilized to produce the polyester. 

It is yet another object of the present 
invention to provide a polyester which yields a high 
clarity, neutral hue, low haze article, as above, 
wherein said bluing agent is a cobalt compound. 

It is yet another object of the present 
invention to provide a polyester which yields a high 
clarity, neutral hue, low haze article, as above, 
wherein said polyester is made from aryl dicarboxylic 
acids and polyhydric alcohols. 

It is yet another object of the present 
invention to provide a polyester which yields a high 
clarity, neutral hue, low haze article, as above, 
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wherein the amount of elemental cobalt compound ranges 
from about 5 parts to about 50 parts per million of 
polymer, wherein the amount of elemental phosphorus 
ranges from about 5 to about 60 parts per million of 
polymer and wherein the amount of elemental antimony 
ranges from about 70 to about 250 parts per million' of 
polymer. 

It is yet another object of the present 
invention to provide a polyester which yields a high 
clarity, neutral hue, low haze article, as above, 
wherein the polyester is particularly suitable for 
containers, especially for food containers and particu- 
larly bottles, and has low acetaldehyde levels. 

It is yet another object of the present 
invention to provide a polyester which yields a high 
clarity, neutral hue, low haze article, as above, 
wherein a slight molar excess of phosphorus is uti- 
lized as compared to the cobalt. 

It is yet another object of . the present 
invention to provide a polyester which yields a high 
clarity, neutral hue, low haze article, as above, 
wherein the amount of phosphorus ranges from about 
0.35 to about 2.5 parts by weight per one part of 

elemental cobalt. 

It is yet another object of the present 
invention to provide a polyester which yields a high 
clarity, neutral hue, low haze article, as above, 
wherein the cobalt is added to the polymerization 
process before the antimony is added. 

These and other objects of the present 
invention will become apparent from the following 
description of the invention. 

Generally, a polyester which yields a high 
clarity, low haze, neutral hue article comprises: th« 
polyester containing from about 70 to about 250 parts 
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by weight of elemental antimony per 1 million parts 
of said polyester; a low amount by weight of a 
phosphorus compound and a bluing agent, the amount 
of said phosphorus compound ranging from about 0.35 
to about 2.5 parts by weight for each part by weight 
of a metal in said bluing agent. 

Generally, the process for making a poly- 
ester article having a high clarity, low haze, neutral 
hue comprises the steps of: preparing a polyester 
resin, adding a small amount of phosphorus and a bluing 
agent, wherein the amount of phosphorus to metal in saxd 
bluing agent ranges from about 0.35 to about 2.5 parts 
by weight, and adding from about 70 to about 250 parts by 
weight of elemental antimony in the form of an antxmony 
compound to said polyester during the preparation thereof. 

ttF.ST MODE FOR CARRYING OUT THE INVENTION 

High clarity polyesters are produced uti- 
lizing an antimony catalyst and low amounts of phos- 
phorus and a bluing agent. By the term "bluing agent 
as utilized in the present invention, it is meant any 
compound which upon addition to the polymer during 
preparation thereof will act as a blue colored com- 
pound or pigment and neutralize any otherwise yellow 
color in the polyester formed to yield a transparent, 
colorless or neutral hue article. In other words, 
the bluing agent, although often a blue colored com- 
pound, can be a red compound such as cobalt acetate, 
a green compound, or the like, which upon addition to 
the polymerization process reacts and forms a blue . 
colored comoound which neutralizes yellow and forms a 
transparent polyester when made into an article. The 
polyesters when made into articles have very hxgh 
clarity, neutral hue, low haze, and low acetaldehyde 
levels and thus are suitable as films, sheets, or in 



BNSDOC1D: <EP. 



_0061414A1J_> 



0061 41 4 



-7- 

any other form when a bright high clarity with low haze 
is desired. Particularly suited articles include con- 
tainers, especially for foods, and bottles. 

The polyester resin is produced in a conven- 
tional manner but only from the reaction of dicar- 
boxylic acids having from from 2 to about 16 carbon 
atoms with polyhydric alcohols such as glycols or 
diols containing from 2 to about 12 carbon atoms. The 
alkyl dicarboxylic acids may contain a total of from 2 
to 16 carbon atoms. Preferably, the acids are aryl or 
an alkyl substituted aryl acid containing from 8 to 16 
carbon atoms. Specific examples of linear or alkyl 
dicarboxylic acids include oxalic acid, malonic acid, 
succinic acid, glutaric acid, adipic acid, pimelic 
acid, suberic acid, azelaic acid, sebacic acid, and 
the like. Specific examples of an aryl acid include 
the various isomers of phthalic acid, such as para- 
phthalic acid (terephthalic acid) and naphthalic acid. 
Specific examples of alkyl substituted aryl acids 
include the various isomers of dimethylphthalic acid 
such as dimethylisophthalic acid, dimethylorthophtha- 
lic acid, dimethyl terephthalic acid, the various 
isomers of diethylphthalic acid such as diethyliso- 
phthalic acid, diethylorthophthalic acid, die thy 1- 
terephthalic acid, the various isomers of dimethyl- 
naphthalic acid such as 2, 6-dimethylnaphthalic acid 
and 2, 5-dimethylnaphthalic acid, and the various 
isomers of diethylnaphthalic acid. Generally, tere- 
phthalic acid is highly preferred. 

Polyesters made from diesters such as 
dimethylterephthalate do not form any part of the 
present invention. When such a monomer is utilized, 
high amounts of catalyst, that is generally the 70 
parts per million of the elemental catalyst, are 
required in order to promote the esterif ication and 
condensation reactions. Such amounts of catalyst are 
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in excess of the present invention and will impart a 
color to the polyester and articles formed therefrom. 
The present invention completely avoids any color hue 
by utilizing the dicarboxylic acids and hence, uti- 
lizes low amounts of cobalt, that is generally less 
than 50 parts per million, and desirably less than' 30 
parts per million. 

The diols or glycols may be straight chained 
or branched. Specific examples include ethylene 
glycol, propylene glycol, trimethylene glycol, 1,2- 
butane diol, 1,3-butane diol, 1,4-butane diol, 2,3- 
butane diol, neopentyl glycol, and the like. Of the 
various glycols, those having from 2 to 8 carbon atoms 
are preferred with ethylene glycol and 1,4-butane diol 
being highly preferred. In lieu of the various glycols, 
another class of polyhydric alcohols, such as the 
glycol ethers containing from 4 to 12 carbon atoms, 
can be utilized as for example dime thy 1 en e glycol and 
1 , 4-dihydroxyethoxy benzene . 

The polyesters can be made according to 
melt polymerization, or melt and solid state polymeri- 
zation. As known to those skilled in the art, poly- 
esters are generally made in two stages. In the first 
stage or esterif ication stage, the diacid is reacted 
with the diol at elevated temperatures and pressures 
with water being produced. In the second stage or the 
polycondensation stage, a vacuum is gradually applied, 
or generally catalysts are utilized, and water and. a 
diol are withdrawn as a condensation product. Various 
polyesters can be made by such a polymerization in- 
cluding polyethyleneterephthalate, a preferred poly- 
ester resin. Moreover, the process may be modified 
slightly by reacting the dicarboxylic acid with the 
diol in a solvent which is a low molecular weight 
linear polyester in a manner as set forth in U. S. 
Patent No. 4,020,049 to Rinehard, which is hereby 
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fully incorporated with regard to the method of making 
the polyester resin. Regardless of the- exact process, 
such reactions can be carried out in situ. 

Solid state polymerization can also be uti- 
lized. In this process, the poly condensation reaction 
is carried out until generally the intrinsic viscosity 
of the polymer melt reaches about 0.20 or higher, for 
example, up to about 0.80. At this point, the solu- 
tion melt is cooled to produce a solid which is then 
pelletized, chopped, etc. The pellets are then sub- 
jected to a solid state polymerization wherein the 
vacuum is applied at a temperature below the melting 
point of the partially formed polymer. Alternatively, 
the polymerization can be accomplished by removal of 
the by-products, e.g. water, ethylene glycol, by circu- 
lating or blowing an inert gas through the pellets. 
Thus, the polymer is actually polymerized in a solid 
state, with the polycondensation reaction being con- 
ducted in such a state. Generally, the solid state 
polymerization is continued until the intrinsic vis- 
cosity reaches any desirable level, such as from about 
0.60 to about 1.0, or even higher. That is, at times 
it is desirable to produce very high molecular weight 
polyesters, for example, a polyester having an intrinsic 
viscosity of from about 1.0 to about 1.2. Desirably, 
the intrinsic viscosity ranges from about 0.70 to 
about 0.85 and preferably from about 0.70 to about 
0.80. By intrinsic viscosity it is meant that the 

value obtained when n speci f ic / c or 100 H rel. /C is 
extrapolated to zero concentration; where the relative 
viscosity is defined as the quotient of the solution 
viscosity, n goln and the viscosity of the solvent 

n i e n , =• n , The specific viscosity 

- solv. * 1 - e -' - rel. - so In. 

£ solv. 

n = n . -1. The units are deciliters/ gram using 

— sp . — re 1 . 
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a 60/40 phenol/ tetrachloroethane at 25 °C. The symbol 
n is for the Greek letter eta. 

~ When the polyester resin is intended for use 

in contact with food, only those polyesters which 
are regulated by the Federal Food and Drug Administra- . 
tion should be utilized, such as set forth in Title 
21, §177.1630, for example, the polyethylenephthalate 
polymers, and such polyesters are preferred in the 
present invention. 

The antimony catalyst utilized in the pre- 
sent invention can be generally any trivalent organic 
antimony compound known to the art. Examples of speci- 
fic antimony compounds include antimony triacetate, 
antimony trioxide, antimony glycolate (either formed 
separately or during polymerization), and the like, with 
antimony glycolate being preferred. The antimony 
compound desirably is added to the condensation stage 
or step of the polymerization. 

The present invention also relates to the 
use of relatively low amounts of a phosphorus compound, 
for example a phosphate, and a bluing agent in compari- 
son to the weight or amount of the antimony catalyst. 
The term "phosphate" as utilized in the present in- 
vention includes various phosphate compounds known in 
25 the art as well as phosphoric acid. The bluing agents 

are generally cobalt compounds which may or may not 
initially be blue as previously discussed. The poly- 
ester resins of the present invention can be made 
to form various articles such as films, sheets, con- 
tainers, and the like. In some of these applications 
wherein the polyester is utilized as a container, 
for example, for containing carbonated beverages, it 
is highly desirable to maintain or to have low acetal- 
dehyde levels to prevent discernible differences in 
taste. For example, the addition of levels of acet- 



35 
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aldehyde as low as 60 parts per billion by weight have 
altered the tastes of carbonated cola beverages. Other 
food stuffs have different taste threshhold levels 
which may be exceeded if the acetaldehyde level is not 
minimized. Desirably, when a container is utilized to 
contain food stuffs or liquids such as beverages, 
the amount of acetaldehyde diffusing from the container 
walls (e.g., a 2 liter bottle) of an empty, freshly 
blown bottle is less than 3 micrograms per liter. 
This test is conducted by maintaining the container 
at 70 °F for twenty- four hours, and then testing the 
gases content therein to determine the amount by 
weight of acetaldehyde. Generally it has been found 
that wherein the acetaldehyde content is less than 
3 micrograms per liter of volume in a container within 
twenty-four hours after preparation thereof, any re- 
maining accumulation of acetaldehyde is low and pre- 
sents no discernible taste in a beverage, food stuff, 
or the like with longer periods of storage. 

Since cobalt compounds have been shown to 
increase the acetaldehyde level in a container, an 
amount of a phosphate compound (including phosphoric 
acid) is utilized to suppress the catalytic activity 
of the cobalt compound. Generally, one part by weight 
of elemental cobalt requires approximately 0.35 parts 
by weight of elemental phosphorus. Preferably, a 
slight excess of the phosphorus compound is utilized 
to insure suppression of the catalytic influence of 
the cobalt compound on acetaldehyde production. Thus, 
according to the present invention, from about 0.35 
to about 2.5 parts by weight and preferably from 
about 0.4 to about 0.6 parts by weight of elemental 
phosphorus is desired for every one part of elemental 
cobalt. Should a greater amount be utilized, free 
phosphate will generally exist which will react with 
the antimony to produce an antimony phosphate type 
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compound and if sufficient amounts exist in excess of 
the solubility limit of such a compound, will form 
particles and/or nucleation of crystallinity upon 
formation of the polyester. This results in a hazed 
article. . 

The present invention as noted above relates 
to the article when formed from a polyester resin has 
low haze, a neutral color, and high clarity. If a 
bluing agent is not utilized, the resulting polymer 
produced would generally not have the neutral hue in 
that it would have an undesirable yellowish tinge or 
color. 

Desirably, from about 70 to about 250 parts 
by weight per million of elemental antimony is desired 
- 15 based upon the produced polyester resin with the 

preferred range being from about 120 to about 210 
parts per million. The amount of cobalt ranges from 
] about 5 parts to about 50 parts by weight per million, 

? desirably from about 5 to about 30 parts, and prefera- 

-\ 20 bly from about 3 parts to about 20 parts per million, 

fj The amount of the phosphate compound expressed in 

terms of elemental phosphorus per million parts of 
polyester polymer ranges from about 5 to about 60 
parts, desirably from about 10 to about 50 parts, and 
25 preferably from about 8 to about 20 parts by weight. 

. Typical cobalt coloring agents include cobalt acetate 
cetrahydrate, cobalt aluminate, cobalt benzoate, 
cobalt chloride, and the like with cobalt acetate 
being preferred. Examples of typical phosphate com- 
pounds include any pentavalent phosphates such as 
phosphoric acid', trialkylphosphates , for example, 
trimethylphosphate, triethylphosphate, tripentyl- 
phosphate, and the like. Triaryl phosphates such as 
triphenyl phosphate, triaryl phosphate, and the like 
can also be utilized. Additionally, mono and dialkyl/ 
aryl phosphates may be utilized. Phosphoric acid and 

I 

I 

•* 

:1 

1 
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the trialkyl phosphates are preferred. 

Desirably, the phosphate and the cobalt 
compounds are added before the antimony addition, and 
preferably during the beginning of the esterif ication 
stage although they can be added at the beginning of" 
the condensation stage. The preparation o£ the poly- 
ester resin can be conducted in any conventional 
manner utilizing a dicarboxylic acid. That is, con- 
ventional temperatures, pressures, reaction times, and 
the like are utilized as well known to those skilled 
in the art. 

The articles made from polyester resins of 
the present invention exhibit very high clarity, 
low haze values, and neutral hue. The haze value 
is generally indicated by a haze number according to 
the Hunter haze test. The haze number is generally 
less than 3*0, desirably less than 2.5, and prefera- 
bly less than 2.0. Often, haze values are measured by 
eyesight since they tend to be more accurate than the 
Hunter values. The neutral hue is generally indicated 
by utilizing a Hunter Lab instrument. Generally, the 
hue is neutral as indicated by an "a" coordinate value 
ranging from about -1.0 to about 1.0, and preferably 
from about -0.5 to about 1.0, and a "b M coordinate 
value ranging from about -2.0 to about 2.0, and pre- 
ferably from about -0.5 to about 2.0. That is, the 
numbers are basically on the zero- zero coordinates 
which indicates that the resulting article, for 
example a beverage bottle has no color. 

The invention will* be better understood by 
reference to the following examples. 
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POLYESTER REACTOR PROCESS ING EXAMPLE 

The poly (ethylene terephthalate) polyesters 
described in Table III were prepared in a 200 pound 
polyester process reactor. The materials charged to the 
reactor, identification, amounts and points of addition, 
are shown in Table IA. The processing conditions and 
procedures for the esterification (S/l) reaction are 
shown in Table IB, and the same for the polycondensa- 
tion (S/2 and S/3) reactions are shown in Table IC. 
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As previously noted, the present invention 
relates to a polyester which produces an. article hav- 
ing a high clarity, a low haze, and neutral hue. 
Examining Table III, the data sets forth clarity, haze 
values, and color values, that is neutral hue; with 
regard tc Example I, a prior art polyester containing 
antimony and a phosphite; Example II relates to a poly- 
ester produced merely containing antimony; Example III 
relates to a polyester produced containing only anti- 
mony and cobalt; whereas Examples IV and V relate to 
the present invention. As apparent from the various 
data such as the feed resins and solid state resin 
properties, the prior art resin has a reduced bright- 
ness value. Example II has yellow resin, whereas 
Example III has bluish resin and a reduced brightness. 
However, Examples IV and V have a neutral color as 
well as good brightness. Concerning the preform 
properties, that is an item made from a resin such as 
a parison, the prior art article has reduced bright- 
ness; Example II has a yellow color; and Example III 
has a reduced brightness. However, Example IV and V 
have good brightness and therefore clarity and a neutral 
hue. E xamin ing now the bottle properties which are 
taken through the sidewall, it is seen that Example I 
does show a fair amount of haze. The visual inspec- 
tion also reveals that the bottle is hazy and has 
reduced brightness. Although Examples II and III show 
clear Hunter sidewall values, the visual inspection 
reveals that the neck and bottom which tend to be 
thicker are yellow and blue, respectively. Thus, they 
do not contain a neutral hue. Moreover, Example III 
which contains the cobalt, has an unacceptable amount 
of acetaldehyde content. In contrast, Examples IV and 
V, both through the instrument readings and visual 
readings, have clear bottles including the neck and 
bottom portion and have no haze. The clarity is high 
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and the acetaldehyde levels axe low. Thus, it is 
„r that the present invention yields a high 
7£Z ^ttttle havin g low ha« and a neutral or 

no ^r =taving ^ w ^ - -11 

a, .he preferred e.hodi^r of present 

* r-T-sr -~ of - 



10 



15 



..a 



20 



25 



30 



35 



BNSDOC1D: <EP Q061414A1 J_> 



23 



0061414 



CLAIMS 

1. A polyester -which yields a high clarity, low haze 
neutral hue article characterized in 

the polyester containing from about 70 to 
about 250 parts by weight of elemental antimony 
per one million parts of said polyester, 

a low amount by weight of a phosphorus com- 
pound and a bluing agent, the amount of said 
phosphorus compound ranging from about 0.35 to 
about 2.5 parts by weight for each part by weight 
of a metal in said bluing agent. 

2. A polyester which yields a high clarity, low haze, 
neutral hue article, according to claim 1, further 
characterized in said polyester being made from the 
reaction of dicarboxylic acid and a polyhydric 
aicohol compound, said dicarboxylic acid selected 
from the group consisting of alkyl dicarboxylic 
acids having a total of from 2 to 16 carbon atoms, 
aryl or alkyl substituted aryl dicarboxylic acids 
containing a total of from 8 to about 16 carbon 
atoms, and combinations thereof, and wherein said 
polyhydric alcohol is selected from the group con- 
sisting of glycols having from 2 to 12 carbon atoms 
glycol ethers having from 4 to 12 carbon atoms, and 
combinations thereof, wherein said bluing agent is 
a cobalt compound, the amount of elemental cobalt 
ranging from about 5 to about 50 parts by weight 
per million parts of said polyester, and wherein 
the amount o'f said phosphorus ranges from about 5 
to about 60 parts per million parts by weight of 
said polyester, and said phosphorus compound is a 
phosphate, and said low haze, neutral hue article 
having a haze value of less than 2.5. 
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A polyester which yields a high clarity, low haze, 
neutral hue article according to claim 2, further 
characterized in having an amount of elemental 
• antimony ranges from ahout 120 parts to about 210 
parts antimony, wherein the amount of elemental 
cohalt ranges from ahout 5 to ahout 30 parts by 
weight, wherein the amount of elemental phosphorus 
ranges from ahout 10 to ahou-b'50 parts hy weight, 
and wherein the ratio of phosphorus to cohalt ranges 
from ahout 0.4 to ahout 1.3 parts hy weight, and 
wherein said cohalt compound is a cohalt acetate, 
wherein said phosphorus compound is phosphoric acid, 
and wherein said antimony compound is antimony 
glycolate, and wherein said dicarboxylic acid is 
terephthalic acid, and wherein said glycol is 
ethylene glycol- 

k A polyester which yields a high clarity, low haze 
neutral hue article, according to claims 1, 2 or 3, 
further characterized in an acetaldehyde content 
of less than 3.0 micrograms per liter of head space 
in an article, and wherein said polyester is in 
the form of a container. 

5 A polyester which yields a high clarity, low haze, 
neutral hue article, according to claim 4, further 
cnaracterized in said container being a bottle. 

6 A process for making a polyester having high 
clarity, low haze, and neutral hue when made into 
an article characterized in; 

preparing a polyester resin, 

adding a small amount of phosphorus and- a 

bluing agent, wherein the amount of phosphorus to 

metal in said bluing agent ranges from about 0.35 

to about 2.5 parts by weight, and 

adding from about 70 to about 250 parts by 

weight of elemental antimony catalysts in the form 



0061414A1 J_> 



25 0061414 

of an antimony compound to said polyester during 
the preparation thereof. 



A process accor ding to claim 6, further character- 
ized in adding said bluing agent before the step of 
adding said antimony catalyst, wherein said poly- 
ester is made from the reaction of a dicarboxylic 
acid and a polyhydric alcohol , . said dicarboxylic 
acid selected from the group consisting of alkyl 
dicarboxylic acids having a total of from 2 to 16 
carbon atoms, aryl or alkyl substituted aryl 
dicarboxylic acids containing a total of from 8 to 
about 16 carbon atoms, and combinations thereof,* 
and wherein said polyhydric alcohol is selected 
from the group consisting of glycols having from 
2 to 12 carbon atoms, glycol ethers having from 4 
to 12 carbon atoms and combinations thereof, and 
wherein said bluing agent is a cobalt compound, 
where the amount of elemental cobalt ranges from 
about 5 parts to about 50 parts by weight per 
million parts of said polyester, and wherein the 
amount of said phosphorus as elemental phosphorus 
ranges from about 5 to about 60 parts by weight 
per million parts of said polyester, and said 
phosphorus compound is a phosphate * 

A process according to claim 7, further character- 
ized in said polyester having a haze value of less 
than 2.5 and an acetaldehyde content of less than 
3.0 micrograms per liter of head space in an article 
and wherein the amount of elemental antimony ranges 
from about 120 parts to about 210 parts, wherein the 
amount of elemental cobalt ranges from about 5 parts 
to about 30 parts, wherein the amount of phosphorus 
ranges from about 10 to about 50 parts, and wherein 
the ratio of phosphorus to cobalt ranges from about 
0.4 to about 1.3 parts by weight, and wherein said 
cobalt compound is cobalt acetate, wherein said 
phosphorus compound is phosphoric acid, and wherein 
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said dicarboxylic acid la terephthalic acid, and 
wherein said glycol is ethylene glycol. 

A process accords to claims 6, 7 or 8, further 
characterized in adding said phosphorus at the 
esterificatlon stage and adding said 
said condensation stage, and forming said polyester 

into a container. 

A process according to claim 9, further character- 
ized in forming said polyester into a bottle. 
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